We report the results of [O III] λ5007 surveys for planetary nebulae (PNe) in six galaxies: NGC 2403, NGC 3115, NGC 3351, NGC 3627, NGC 4258, and NGC 5866. Using on-band/off-band [O III] λ5007 images, as well as images taken in Hα, we identify samples of PNe in these galaxies and derive their distances using the planetary nebula luminosity function (PNLF). We then combine these measurements with previous data to compare the PNLF, Cepheid, and surface brightness fluctuation (SBF) distance scales. We use a sample of 13 galaxies to show that the absolute magnitude of the PNLF cutoff is fainter in small, low-metallicity systems, but the trend is well modeled by the theoretical relation of Dopita, Jacoby, & Vassiliadis (1992) . When this metallicity dependence is removed, the scatter between the Cepheid and PNLF distances becomes consistent with the internal errors of the methods and independent of any obvious galaxy parameter. We then use these data to recalibrate the zero point of the PNLF distance scale. We use a sample of 28 galaxies to show that the scatter between the PNLF and SBF distance measurements agrees with that predicted from the techniques' internal errors, and that there is no systematic trend between the distance residuals and stellar population. However, we also find that the PNLF and SBF methods have a significant scale offset: Cepheid-calibrated PNLF distances are, on average, ∼ 0.3 mag smaller than Cepheid-calibrated SBF distances. We discuss the possible causes of this offset, and suggest that internal extinction in the bulges of the SBF calibration galaxies is the principle cause of the discrepancy. If this hypothesis is correct, then the SBF-based Hubble Constant must be increased by ∼ 7%. We also use our distance to NGC 4258 to argue that the short distance scale to the LMC is correct, and and that the global Hubble Constant inferred from the HST Key Project should be increased by 8 ± 3% to H 0 = 78 ± 7 km s −1 Mpc −1 .
introduction
The past two decades has seen remarkable progress in the measurement of the distance scale of the universe. In the early and mid-1980's, values of the Hubble Constant ranged over a factor of two, from H 0 ≈ 50 km s −1 Mpc −1 (e.g., KraanKorteweg, Cameron, & Tammann 1988; Sandage & Tammann 1982) to H 0 ≈ 100 km s −1 Mpc −1 (e.g., de Vaucouleurs 1985; Huchra 1987) , with the results depending strongly on the the author and the technique. However, in the early 1990's, measurements of H 0 began to converge , and it became increasingly difficult to argue for values much different than H 0 ∼ 70 km s −1 Mpc −1 . Today, due in large part to the Hubble Space Telescope Distance Scale Key Project, a value of H 0 between 65 and 75 km s −1 Mpc −1 is generally accepted ). Nevertheless, there are still two lingering problems with the current distance scale. The first concerns the zero point of the Cepheid period-luminosity relation. There are two galaxies whose distances are known from direct geometric techniques: the Large Magellanic Cloud (via the light echo of SN 1987A; Panagia et al. 1991; Gould & Uza 1998) , and NGC 4258 (through the observed motions of its nuclear maser; Herrnstein et al. 1999) . The former sets the zero point for the Cepheid scale; the latter provides an independent test of the technique. Unfortunately, the Cepheid distance to 1 NGC 4258 given by Freedman et al. (2001) is 1.2σ larger than the galaxy's geometric distance (Herrnstein et al. 1999) . This marginally significant discrepancy may indicate a problem for the zero point of the system.
The second limitation of the Cepheid distance scale is its limited applicability to Population II distance techniques. For example, the calibration of the elliptical galaxy fundamental plane (Kelson et al. 2000; Freedman et al. 2001 ) rests largely on the assumption that the early-type galaxies of Leo I, Fornax, and Virgo are at the same distance as the clusters' spirals. In the case of Virgo at least, this is likely not the case (Ciardullo et al. 1998; West & Blakeslee 2000) . Similarly, the zero point of the surface brightness fluctuation (SBF) technique (Ferrarese et al. 2000b; Tonry et al. 2001; Freedman et al. 2001 ) is set by just six Cepheid calibrators. Given the susceptibility of the SBF method to the effects of interstellar extinction, this situation is not ideal. Clearly, additional calibrators are needed to secure the Pop II side of the distance ladder.
The planetary nebula luminosity function (PNLF) has the potential to provide these calibrations. As the only general purpose standard candle that is applicable to both spiral and elliptical galaxies, the PNLF provides a critical link between the Pop I and Pop II distance scales. Moreover, since the precision of the PNLF method is comparable to that of Cepheids , the technique can also be used to check for anomalous measurements in the distance ladder. In fact at present, the PNLF is the only method capable of confirming the results obtained from Cepheid variables. Finally, the PNLF can provide distances to some intermediate objects that are too dusty or irregular for Pop II techniques, but not suitable for Cepheid observations.
In this paper, we present the PNLFs of six galaxies, NGC 2403, 3115, 3351, 3627, 4258, and 5866 , and use these data to search for systematic errors in the extragalactic distance ladder. In Section 2, we describe our observations, detail our reduction procedures, and present the coordinates and [O III] λ5007 magnitudes of our planetary nebula candidates. We also present new [O III] and Hα observations of PNe in the inner bulge of M31; these data are used in Section 3 to create a quantitative criterion for discriminating PNe from compact H II regions. In Section 4, we derive PNLF distances to our six galaxies, and comment on the properties of these systems. Included in this section is a discussion of the distance to NGC 4258; our value, combined with that obtained from the Cepheids, argues for a Hubble Constant that is ∼ 7% larger than that given by the HST Key Project . In Section 5, we combine our distances to NGC 2403, 3351, 3627, and 4258 with data from nine other Cepheid galaxies to re-define the zero point of PNLF distance scale. We show that the absolute magnitude of the PNLF bright-end cutoff does shift to fainter magnitudes at extremely low metallicity; this is in agreement agreement with the theoretical predictions of Dopita, Jacoby, & Vassiliadis (1992) . However, we show that in metal-rich galaxies, the PNLF-Cepheid residuals show no statistically significant trend. In Section 6, we compare the PNLF distance scale with that of the SBF method, and show that there is a significant scale error between the two techniques. Specifically, we show that, although the PNLF-SBF residuals do not correlate with any galaxy property, the overall PNLF scale is ∼ 0.3 mag shorter than the SBF scale. Finally, we conclude by considering the possible causes of this discrepancy, and discussing the implications it has for tip of the red giant branch (TRGB) distance measurements and the extragalactic distance scale in general.
observations and reductions
Several different telescope/detector configurations were used in this program. Four galaxies were observed with the Kitt Peak 4-m telescope: NGC 3115, with a 320 × 512 RCA CCD (43 e − readnoise), NGC 5866 with an 800 × 800 TI CCD (binned 2 × 2, 4 e − readnoise), and NGC 2403 and NGC 3627 with the T2KB 2048 × 2048 CCD (4 e − readnoise). Two other galaxies, NGC 3351 and NGC 4258, were observed with the Mini-Mosaic camera of WIYN; this instrument employs two 4K × 2K CCDs covering a field-of-view of 9.
′ 6 × 9. ′ 6, with a 7. ′′ 1 gap between detectors. Finally, in order to define a quantitative criterion for discriminating planetary nebulae from compact H II regions, the inner bulge of M31 was observed with the Kitt Peak 2.1-m telescope and a Tektronix 1024 × 1024 detector. This setup allowed us to survey the central 2.
′ 6 region of the galaxy and measure monochromatic fluxes for PNe ∼ 4 mag down the [O III] λ5007 luminosity function. A log of our observations and the details of the CCDs are given in Table 1 .
Our survey technique was similar to that described in previous papers of the series Feldmeier, Ciardullo, & Jacoby 1997) . First, a narrow-band filter was selected which passed the [O III] λ5007 emission line at the redshift of the target galaxy. For M31, 2403, and 4258, the filters used were the standard narrow-band [O III] filters available at NOAO; for the remaining galaxies, custom-made filters were used. The filter names or bandpasses (central wavelength and full-width-half-maximum (FWHM) at ambient temperature in the converging beam of the telescope) are given in Table 1 . Note that for NGC 3351, our filter vignetted roughly half of the WIYN camera's field-of-view. This did not compromise our survey, however, since the unvignetted field-of-view (4.
′ 8 × 4. ′ 8) was reasonably well matched to the ∼ 7.
′ 4 × 5. ′ 0 diameter of the galaxy. For each galaxy, a series of exposures was taken through the on-band [O III] λ5007 and a wider off-band filter (λ c = 5300, FWHM ∼ 250Å). In addition, in order to discriminate PNe from H II regions, the late-type spirals were also imaged through a 75Å wide filter centered on Hα. The total on-band and Hα exposure times are listed in Table 1 . In general, the off-band exposures were scaled to go ∼ 0.2 mag deeper than their on-band counterparts and were therefore four to seven times shorter. All frames were reduced using standard IRAF routines: the images were bias-subtracted and flat-fielded using CCDPROC, aligned to a common astrometric system with GEOMAP and GEOTRAN, and then combined using IMCOMBINE. The result was a set of summed on-band, off-band, and Hα images of each galaxy.
Planetary nebulae were identified on our frames in two complementary ways: by "blinking" the summed [O III] image against the off-band image, and by looking for emission-line objects on a "difference" image, formed by subtracting a scaled off-band image from the on-band frame. In order to be considered a planetary nebula candidate, an object had to have a point-spread-function consistent with that of a point source, and be present on the on-band image, but completely invisible on the off-band frame. PN candidates in star-forming galaxies also had to be at least 1.6 times brighter in [O III] than in Hα (see Section 3).
The PN candidates were measured photometrically using the IRAF version of DAOPHOT (Stetson 1987; Stetson, Davis, & Crabtree 1990; Stetson 1992) , and flux calibrated using large-aperture measurements of Stone (1977) and Massey et al. (1988) standard stars and the procedures outlined by Jacoby, Quigley, & Africano (1987) . Our 4-m and WIYN observations were taken under photometric conditions, so this straightforward calibration produced fluxes with a zero-point accurate to ∼ 0.04 mag. The M31 data, however, were obtained through light cirrus. The PNe in this galaxy were therefore calibrated by scaling the data to the [O III] λ5007 and Hα observations of M31's bulge taken by and Ciardullo et al. (1987) . Once calibrated, the resulting [O III] monochromatic fluxes (in ergs cm −2 s −1 ) were converted to m 5007 magnitudes using m 5007 = −2.5 log F 5007 − 13.74
Tables 2 through 8 list the PNe of each galaxy. For M31, the equatorial positions are based on the J2000 system of the Guide Star Catalog (Lasker et al. 1990 ) and a set of secondary standards defined by Hui, Ford, & Jacoby (1994) . For the remaining galaxies, the plate solutions were created using the USNO-A2.0 catalog (Monet et al. 1998) . The errors associated with our positions are ∼ 0.
′′ 4. Note that the PN identifications in Table 2 are an extension of the numbering scheme of . 3. discriminating planetary nebulae from h ii regions PNLF measurements in elliptical and S0 galaxies, such as NGC 3115 and NGC 5866, are relatively straightforward: since these systems have no current star formation, virtually all bright emission-line sources are planetary nebulae. PN observations in late-type galaxies, however, are not so simple. Only a very small percentage of the emission-lines sources in these systems are planetary nebulae; most [O III] line-emission comes from H II regions and supernova remnants. Therefore, in order to derive PN distances to these star-forming systems, an algorithm is needed to discriminate PNe from other sources of line emission.
As stated above, we used three criteria to perform this discrimination. In order to be classified as a planetary nebula, an object had to be spatially unresolved, invisible on the off-band frame, and have an [O III] to Hα ratio greater than 1.6. The first of these conditions is obvious. All bright PNe in the Galaxy are less than ∼ 1 pc across (Acker et al. 1992) ; in M31, this corresponds to an angular size of ∼ 0.
′′ 27. The true PNe in our program galaxies must therefore be stellar; objects that are even marginally resolved must be either H II regions or supernova remnants.
Our second criterion is also quite simple. Although the central stars of PNe can have luminosities log L/L ⊙ 4, their effective temperatures are such that very little of this energy comes out in the optical. At the distances considered here, central star continuum emission at 5300Å is well below the threshold of detectability. On the other hand, H II regions usually have OB associations at their center. Depending on how many stars are present, the OB stars' combined optical emission may be detectable in the continuum. Thus, all valid PN candidates must be completely invisible on the off-band frame.
The third criterion, that of R = I(λ5007)/I(Hα + N II) > 1.6 requires some elaboration. The central stars of [O III] bright PNe are typically much hotter than the OB stars that excite H II regions. As a result, much of the oxygen in a planetary nebula is doubly ionized (rather than singly ionized as is common in most H II regions). This fact, combined with the higher electron temperatures produced by the harder radiation field, causes a typical bright PN to have [O III] λ5007 much brighter than Hα. Conversely, as the survey of Shaver et al. (1983) Magrini et al. (2000 Magrini et al. ( , 2001a , the Large Magellanic Cloud, through the [O III] photometry of Jacoby, Walker, & Ciardullo (1990) and the spectrophotometric line ratios of Meatheringham & Dopita (1991a) , Meatheringham & Dopita (1991b) , and Vassiliadis et al. (1992) , and M31 (this paper). The data are plotted in Figure 2 . As the figure shows, the distribution of line ratios for [O III] bright planetary nebulae is remarkably independent of stellar population. PNe that are several magnitudes down the [O III] λ5007 luminosity function have values of R that are anywhere from ∼ 1/4 to ∼ 4. Objects in the top ∼ 1 mag of the PNLF, however, all have R 2. This result holds for all populations, from the old, metal-rich bulge stars of M31, to the young, metal-poor planetaries of the LMC. Conversely, H II regions with R 2 are rare: of the 42 objects studied by Shaver et al. (1983) , only four have this ratio greater than 1.5, and only one has R > 2.2.
Since the [O III] λ5007 surveys presented in this paper extend less than ∼ 1 mag down the PNLF, an efficient criterion for the removal of contaminating H II regions is to consider only those objects with [O III] λ5007 to Hα+[N II] line ratios greater than 2. Note that this is a more stringent requirement than the R > 1 criterion imposed by Magrini et al. (2000) and Magrini et al. (2001b) Figure 2 demonstrates, a criterion that uses absolute magnitude in addition to excitation is a much more powerful discriminator.
Unfortunately, due to time constraints and variable seeing at the telescope, our Hα images did not go deep enough to record objects with R ∼ 2. Instead, for the faintest PNe in our sample, our Hα limiting magnitude corresponded to R = 1.6. We therefore used this number as our PN/H II region discriminator. This criterion is not perfect: if just 1% of bright H II regions are high excitation objects, then a substantial number of interlopers may survive this cut. However, by using our excitation rule in combination with the other two conditions, and limiting our PN search to regions away from the galaxies' spiral arms and obvious star-forming regions, we are confident that we have reduced the fraction of contaminants to a negligible level.
4. fitting the pnlfs and obtaining distances Figure 3 displays the [O III] λ5007 PNLFs for the six galaxies in our sample. Each shows an abrupt rise, and a flattening that is characteristic of the PNLF of other galaxies (see Jacoby et al. 1992) . However, before these data can be used to derive distances, we need to define statistically complete samples for analysis.
For NGC 3115 and NGC 5866, this task was relatively straightforward: we used the fact that, on smooth backgrounds, a ∼ 100% detection rate occurs at a signal-to-noise of 10 (Ciardullo et al. 1987; Hui et al. 1993) . The PN limiting magnitude is therefore a unique function of the background surface brightness: by noting the background at each position in the galaxies, we could define photometrically complete samples of objects (see Jacoby et al. 1989; . Unfortunately, in the spiral galaxies, variable internal extinction, as well as the complexity of the underlying background makes this type of analysis impossible. Thus, statistical sub-samples of PNe had to be derived empirically from the frames.
To create the PN samples for the later-type galaxies, we began by noting the median sky background associated with each PN measurement. After excluding those few objects superposed on bright regions of the galaxy, we picked the worst (most uncertain) background remaining in the sample, and computed the signal-to-noise each PN would have had, if it had been projected on that background. We then defined our statistical PN sample as those objects with a hypothetical signal-to-noise above some threshold value. In the case of NGC 3351, 3627, and 4258, a threshold signal-to-noise of 10 served to define our limiting PN magnitude. For NGC 2403, however, our ability to blink was restricted by the complexity of the galaxy's emission regions. Simply put, our PN identifications in NGC 2403 were confusion limited, rather than detection limited. As a result, we chose an extremely high value for the detection threshold for this galaxy -only objects with a hypothetical signal-to-noise greater than 25 made it into our complete sample. Those PNe that are part of our statistical samples are identified in Tables 3-8 with an "S".
In order to derive PNLF distances and their formal uncertainties, we followed the procedure of . We took the analytical form of the PNLF
convolved it with the photometric error vs. magnitude relation derived from the DAOPHOT output, and fit the resultant curve to the statistical samples of PNe via the method of maximum likelihood. To correct for foreground extinction, we used the 100µ DIRBE/IRAS all-sky map of Schlegel, Finkbeiner, & Davis (1998) , and the reddening curve of Cardelli, Clayton, & Mathis (1989) . Finally, to estimate the total uncertainties in our measurements, we convolved the formal errors of the maximum-likelihood fits with the errors associated with the photometric zero points of the CCD frames (0.04 mag), the filter response curves (0.03 mag), and the Galactic foreground extinction (0.16 E(B − V ); Schlegel, Finkbeiner, & Davis 1998) . For consistency with previous papers of the series, we used a PNLF zero point of M * = −4.48, which is based on an M31 distance of 710 kpc (Welch et al. 1986 ) and foreground reddening of E(B − V ) = 0.11 (McClure & Racine 1969 ). We will revisit the question of the PNLF zero point in Section 5.
NGC 2403
NGC 2403, the medium-sized Scd spiral in the M81 Group, has historically been the limit for ground-based Cepheid observations, and its Cepheid measurements date back over half a century (Tammann & Sandage 1968) . The galaxy's revised Cepheid distance modulus of (m−M ) 0 = 27.48±0.10 ) is based on the I-band photometry of 10 Cepheids with the Canada-France-Hawaii telescope (Freedman & Madore 1988 ) and the assumption that the galaxy's internal extinction is similar to that of other spirals.
At a distance of ∼ 3 Mpc, it is extremely easy to detect NGC 2403's planetaries and resolve out the galaxy's H II regions, even in 1.
′′ 3 seeing. Consequently, most of our PNe are extremely well detected, with signal-to-noise values over 100. Nevertheless, the PNLF of NGC 2403 turns over just ∼ 1 mag down the luminosity function, as if the data past m 5007 ∼ 24 were severely incomplete. Part of the reason for this behavior may be due to the fact that in many regions of the galaxy, PN detections were confusion limited. However, this peculiar feature of the luminosity function may also be intrinsic to the galaxy's stellar population. Jacoby & De Marco (2002) have shown that the luminosity function of PNe in the SMC is non-monotonic with a pronounced dip ∼ 3 mag down the luminosity function. The luminosity function of Magrini et al. (2000) suggests that M33 has a similar feature ∼ 1 mag down the PNLF. Like the SMC and M33, NGC 2403 is undergoing strong star formation. It is therefore possible that the turnover in the luminosity function at m 5007 ∼ 24 real. If so, the position and strength of the dip may serve as an age or metallicity indicator for the stellar population (Ciardullo, Kuzio, & Simone 2001) .
Even if NGC 2403's PNLF declines past m 5007 ∼ 24, this behavior does not affect the precision of the PNLF method, since PNLF distances depend only on the brightest objects. A fit to the top ∼ 1 mag of the observed PNLF yields a distance modulus for the galaxy of (m − M ) 0 = 27.65
−0.14 Mpc). This is ∼ 1 σ larger than that derived from the Cepheids.
NGC 3115
Due to the small size of the RCA CCD, this prototypical field S0 galaxy was observed in two parts, with the fields positioned ∼ 100 ′′ north and south of the galaxy's nucleus. The inner regions of the galaxy were excluded from our analysis, since PN detections in these high surface brightness regions (B < 22.2 mag arcsec −2 ) are difficult. Despite this limitation, we were still able to identify a statistical sample of 29 PNe that extends ∼ 1 mag down the luminosity function. If we fit these data to the empirical curve, then the galaxy's most likely distance modulus is (m − M ) 0 = 30.03
Because NGC 3115 has a smooth luminosity profile with little, if any, internal extinction, it is possible to normalize our PN counts to the bolometric luminosity of the sampled population. This quantity, defined as α 2.5 by , is potentially useful, since it has been observed to vary by almost an order of magnitude in different stellar populations (Ciardullo 1995) .
To perform our normalization, we adopted the surface photometry measurements of Hamabe & Okamura (1982) , and summed the B-band flux contained in our survey regions. We then converted this total B magnitude to a bolometric magnitude by integrating the galaxy's spectral energy distribution, as defined by the multicolor optical and IR photometry of de Vaucouleurs & Longo (1988) and Persson, Frogel, & Aaronson (1979) . We then used this bolometric magnitude to compute α 2.5 using the maximum-likelihood technique described in . The resulting value, α 2.5 = 25.7
⊙ , is similar to that found for the bulge of M31, and is typical of that for an old, metal-rich stellar population (Ciardullo 1995) .
NGC 3351
The importance of the Leo I Group to extragalactic distance measurements has been recognized for almost half a century (Humason, Mayall, & Sandage 1956 ). The group is compact, well-defined, and contains both early and late-type galaxies; it is thus the ideal location for linking the Pop I and Pop II distance scales. As a medium-sized SBb galaxy in the core of Leo I, NGC 3351 is especially valuable. The galaxy is late enough to contain a large number of Cepheids (Graham et al. 1997 ) and be useful as a Tully-Fisher calibrator ), yet early enough to have a bulge that can be analyzed using the surface brightness fluctuation method (Jensen et al. 2001; Watanabe et al. 2001 ).
Because our [O III] λ5007 filter vignetted part of the field, our PN survey of NGC 3351 was limited to the inner 2. ′ 4 of the galaxy. Nevertheless, we detected 20 PNe; 12 of these were bright enough to be part of a complete sample. Our derived distance modulus of (m − M ) 0 = 30.05 (Graham et al. 1997; Freedman et al. 2001) . More importantly, as demonstrated in Figure 4 , our PNLF distance to NGC 3351 is also in excellent agreement with the PNLF distances to four other members of the group. This consistency provides further evidence that the absolute magnitude of the PNLF does not depend strongly on galaxy type or stellar population.
NGC 3627
NGC 3627, a large Sb spiral in the Leo Triplet, became important for distance scale research in 1989, when it produced the well-observed Type Ia supernova 1989B (Wells et al. 1994) . The galaxy has also hosted two other supernova-like events, the Type II SN 1973R (Ciatti & Rosino 1977) and the unusual object SN 1997bs (Van Dyk et al. 2000) , and is a zero-point calibrator for the Tully-Fisher relation.
The body of NGC 3627 is quite dusty, so PN identifications in the bulge and interarm region of the galaxy are difficult. However, NGC 3627 has recently undergone an interaction with NGC 3628; this is evidenced by the galaxy's asymmetric spiral arms, the plumes of extragalactic H I and optical material extending from NGC 3628 (Rots 1978; Kormendy & Bahcall 1974; Chromey et al. 1998) , and the large faint halo surrounding NGC 3627 (Burkhead & Hutter 1981) . It is, in fact, this low surface brightness stellar halo that allows us to determine the galaxy's distance; the region contains many bright planetary nebulae and very few H II regions.
Our survey of NGC 3627's halo produced 73 planetary nebula candidates; 40 of these constituted our statistically complete sample. A maximum likelihood fit to these data yields a distance modulus of (m − M ) 0 = 29.99 (Saha et al. 1999; Freedman et al. 2001 ).
NGC 4258
In the mid-1990's, nuclear masers were discovered moving in a Keplerian orbit around the central black hole of NGC 4258 (Watson & Wallin 1994) . By resolving these masers (Miyoshi et al. 1995) , measuring their acceleration , and monitoring their proper motions, Herrnstein et al. (1999) were able to derive a geometric distance to the galaxy, 7.2 ± 0.3 Mpc. This makes NGC 4258 one of only two galaxies with a direct geometric distance, and an important crosscheck for extragalactic distance techniques.
Our [O III] λ5007 survey in NGC 4258 resulted in the identification of 58 PN candidates. Of these, 29 were above our signal-to-noise cutoff of 10, and had magnitudes in the top ∼ 0.7 mag of the PNLF. The distance implied by these PNe, (m − M ) = 29.42 +0.07 −0.10 (7.6 +0.2 −0.3 Mpc), is ∼ 1σ larger than the system's geometric distance.
The fact that our PNLF distance is slightly higher than the galaxy's geometric distance may be due to chance. However, it also may be indicative of a more substantial problem with the extragalactic distance scale. HST measurements of 15 Cepheids in the disk of NGC 4258 yield a distance modulus of (m − M ) = 29.44 ± 0.12 (random + systematic error) or 7.7 ± 0.4 Mpc (Newman et al. 2001; Freedman et al. 2001) . Like the PNLF distance, the Cepheid value is also slightly high (by 1.2σ).
Is this a serious problem? Aside from NGC 4258, there is only one other galaxy with a geometrical distance estimate. That galaxy, the Large Magellanic Cloud, has a measurement based on the light echo of SN 1987A (Panagia et al. 1991) . Unfortunately, the light-echo distance is still somewhat controversial, with recent estimates differing by ∼ 0.2 mag, from 52.0 ± 1.3 kpc to less than 47.2 ± 0.1 kpc (Gould & Uza 1998) . The former distance is close to that derived from the Galactic calibration of Cepheids (Feast & Catchpole 1997) and the Hipparcos calibration of RR Lyrae variables (Reid 1997) ; the latter value is in line with distances inferred from the statistical parallax calibration of RR Lyrae stars (Layden et al. 1996) and the Hipparcos calibration of red clump stars (Udalski 2000) .
The Cepheid distance scale of Freedman et al. (2001) is based on an LMC distance modulus of (m − M ) 0 = 18.50. However, the most comprehensive analysis of SN 1987's light-echo is probably that of Gould & Uza (1998) , and their distance modulus is (m − M ) 0 < 18.37 ± 0.04 (where the upper limit reflects the possible time lag between the arrival of the EUV-light and line fluorescence). If we adopt this shorter value, then the geometric distance ratio between the LMC and NGC 4258 becomes ∆µ geom = 10.92 ± 0.10. This is in perfect agreement with the distance ratios derived from both the Cepheids (∆µ Cep = 10.94 ± 0.12), and the PNLF (∆µ PNLF = 11.00 ± 0.14).
Our PNLF distance to NGC 4258, when combined with that from the Cepheids, provides independent evidence in support of the "short" distance to the LMC. 
NGC 5866
The edge-on S0 galaxy NGC 5866 is the most distant galaxy in our sample, and it has the poorest data quality. As a result, PN identification could only be made in the galaxy's halo, where the galactic surface brightness is well below that of the sky. Even then, our limiting magnitude for completeness reached only ∼ 0.5 mag down the PN luminosity function. Still, the 11 PNe in our statistical sample yield a relatively well-constrained distance modulus of (m − M ) 0 = 30.75
For galaxies such as NGC 5866 with distances greater than 13 Mpc, PN samples can suffer contamination due to the redshifted emission lines of distant galaxies. It is therefore reasonable to consider the possibility that some of the PN candidates listed in Table 8 are, in reality, Lyα galaxies at z = 3.13. In the case of NGC 5866, however, this source of contamination should be negligible. Ciardullo et al. (2002) have shown that the surface density of emission-line contaminants brighter than our limiting magnitude of m 5007 = 26.7 is ∼ 1 object per 66 arcmin −2 . Since NGC 5866 was surveyed with a small chip (16 arcmin −2 ), the likelihood of finding a background galaxy in the field is low. Thus our PNLF distance should not be affected by this source of error.
the pnlf-cepheid comparison
The PNLF is a secondary standard candle. Although there have been a few attempts to measure the absolute magnitude of the PNLF cutoff in the Milky Way (e.g., Pottasch 1990; Méndez et al. 1993) , M * must still be defined via observations in galaxies with known distances. The original value of the zero point, M * = −4.48, was based on an M31 Cepheid distance of 710 kpc (Welch et al. 1986 ) and a foreground extinction of E(B − V ) = 0.11 (McClure & Racine 1969) . Since then the Cepheid distance to M31 has increased (750 kpc; Freedman et al. 2001 ) and estimates of the foreground extinction have decreased (E(B − V ) = 0.062; Burstein & Heiles 1984; Schlegel, Finkbeiner, & Davis 1998) . Formally, this brightens M * to −4.53 and increases all the PNLF distances by 2.5%.
Rather than rely on a single galaxy for the PNLF zero point, it is better to derive M * by combining the PNLF measurements of many different systems. With the addition of NGC 2403, NGC 3351, NGC 3627, and NGC 4258, there are now 13 galaxies with both Cepheid and PNLF photometry. If we adopt the final HST Key Project Cepheid distances (uncorrected for metallicity) given by Freedman et al. (2001) and use the DIRBE/IRAS estimates for foreground extinction (Schlegel, Finkbeiner, & Davis 1998) , we can obtain a measure of M * in each system. These are listed in Table 9 and plotted as a function of galactic metallicity (as estimated from the systems' H II regions; Ferrarese et al. 2000a ) in Figure 5 . Note that M * is not measured with the same precision in each galaxy. This is a limitation intrinsic to the PNLF method: low-luminosity systems simply do not have as many PNe populating the bright-end of the luminosity function as large, luminous galaxies .
As Figure 5 illustrates, at low-metallicity, our derived values of M * appear to be sensitive to oxygen abundance. In particular, in the three most metal-poor galaxies in the sample (SMC, NGC 5253, and NGC 300) the PNLF zero point is substantially (0.19 +0.04 −0.16 ) fainter than that seen in the metal-rich systems. This behavior is not unexpected: a decrease in the [O III] λ5007 emission of metal-poor planetary nebulae has been seen by and Richer (1993) in Local Group surveys and the trend has been successfully modeled by Dopita, Jacoby, & Vassiliadis (1992) . According to the Dopita, Jacoby, & Vassiliadis (1992) where the solar abundance of oxygen is assumed to be 12 + log (O/H) = 8.87 (Grevesse, Noels, & Sauval 1996) . In reality, the weakening of [O III] λ5007 in high-Z galaxies will not be observed, since in these systems, solar-metallicity stars are available to define the systems' PNLF cutoff. However, the dimming of M * in low metallicity galaxies can be observed, and, as Figure 5 indicates, the observed trend is in excellent agreement with theory.
To search for further systematic errors in the PNLF, we applied the Dopita, Jacoby, & Vassiliadis (1992) metallicity correction to the galaxies on the low-metallicity side of the relation's inflection point, and replotted the data against several galactic parameters. The results, displayed in Figure 6 , are impressive. Except for one object (M33), the scatter in the data is perfectly consistent with the internal uncertainties associated with the PNLF and Cepheid distance measurements. This implies that the quoted errors of the two techniques are reasonable, and that any additional sources of error are small. Moreover, the one discrepant point may have an explanation. The ∼ 0.35 mag (2.3 σ) offset between M33's expected and observed PNLF zero point is essentially the same as the offset found between the galaxy's Cepheid distance and its distance derived from RGB tip and red clump stars (Kim et al. 2002) . In both cases, the discrepancy can be traced to a difference in the adopted reddening. M33's Cepheid distance uses an extinction that is derived from multicolor photometry of the Cepheids themselves (Freedman, Wilson, & Madore 1991; Freedman et al. 2001) . Our measurement of M * , and the measurement of the galaxy's RGB stars, use the DIRBE/IRAS Galactic extinction. The difference between these values, E(B − V ) = 0.17, is one of the largest observed for any Cepheid galaxy, and may be responsible for the anomalous value of M * . If the Cepheid reddening were reduced to one typical of other Cepheid galaxies, M33's PNLF cutoff (and the red star distance indicators) would be in much better agreement.
Further evidence of the consistency of the PNLF technique comes from the lack of correlation between the metallicitycorrected value of the PNLF zero point, M * Z = M * + ∆M * (Z), and the various galaxy properties. For example, if the assumed shape of the PNLF (equation 2) were incorrect, as hypothesized by Bottinelli et al. (1991) , we would expect to see a correlation between M * Z and galaxy absolute magnitude; such a correlation does not exist. Similarly, if compact H II regions were a problem for PN surveys, then PNLF measurements in distant galaxies would be preferentially affected, and M * Z would correlate with distance. This trend is not seen, either. The third panel of Figure 6 plots M * Z against galaxy inclination for the 11 spiral galaxies in our sample. Internal extinction can affect PNLF measurements, and indeed, the M33 point moves into perfect agreement with the rest of the sample if we assume that the Cepheid reddening also applies to the planetaries (Magrini et al. 2000) . Nevertheless, the evidence of Figure 6 suggests that internal extinction is not a major source of error: if it were, then we would expect M * Z to correlate strongly with galaxy inclination. No correlation is seen, and this constancy supports the claim of Feldmeier, Ciardullo, & Jacoby (1997) that the relatively large scale-height of planetary nebulae limits the effect of internal extinction to 0.1 mag. Perhaps the most interesting part of Figure 6 concerns the lack of any residual correlation between the metallicitycorrected value for the PNLF zero point and galaxy metallicity, as determined from the oxygen abundance of H II regions (Ferrarese et al. 2000a ). The dependence of Cepheid distances on galaxy metallicity is controversial. Theoretical and empirical analyses by numerous groups disagree on both the amplitude and sign of the relation (see Feast 1999; Freedman et al. 2001 , and references therein). For example, while Kochanek (1997) and Sasselov et al. (1997) point out that metallicity corrections to the Cepheid period-luminosity relation might change the extragalactic distance scale by more than 10%, other studies, such as those by Caputo et al. (2000) , Kennicutt et al. (1998) , and Udalski et al. (2001) argue for a much weaker dependence. Since our measurements of M * Z assume that the raw Cepheid distances (with no metallicity correction) are accurate, the constancy seen in Figure 6 supports the latter conclusion.
To quantify this result, we performed a Monte Carlo simulation on the data displayed in the fourth panel of Figure 6 . We treated each galaxy's asymmetrical error bars as probability distributions, and regressed M * Z against metallicity for 1,000,000 realizations of the data. The simulations confirmed what is apparent to the eye: once the PNLF zero point is corrected for metallicity via the relation of Dopita, Jacoby, & Vassiliadis (1992) , no other term is needed. Formally, the best-fitting slope to the relation is ∆M * Z = 0.14 ± 0.22 mag per dex. Either the metallicity dependence of Cepheids exactly cancels that of an additional unknown PNLF variation, or abundance changes have little effect on the distances derived from Cepheids.
Since M * Z does not appear to correlate with any galaxy property, we can combine the probability distributions of Figure 6 and re-determine the PNLF zero point. Once again, we did this via a Monte Carlo simulation in which we drew randomly from the probability distributions associated with each galaxy. If we exclude the outlying galaxy M33 from the analysis, then our procedure yields a most probable value of M * Z = −4.51 with 68.2% of the probability lying between −0.03 if M33 is included in the sample). Since emission-line abundances for most elliptical galaxies are unobtainable, we will use M * = −4.47 in the analysis that follows and exclude low-luminosity galaxies from the analysis.
6. the pnlf-sbf comparison PNLF distances provide a bridge between the Pop I distance indicators, such as Cepheids, and the techniques on the Pop II side of the distance ladder. Chief among these Pop II techniques is the Surface Brightness Fluctuation method: SBF distances have a precision comparable to that of Cepheids and the PNLF, and the technique has been applied to over 300 elliptical, lenticular, and early-type spiral galaxies . Presently, the SBF scale is calibrated via Cepheid measurements to six intermediate-type spirals: M31, M81, NGC 3368, NGC 4258, NGC 4725, and NGC 7331 ). Our PNLF measurements provide an independent test of this calibration.
With the addition of NGC 3115, NGC 4258, and NGC 5866, there are now 28 large galaxies with both SBF and PNLF distance measurements. These galaxies are identified in Table 10 , along with the differences between the SBF and PNLF distance moduli. For consistency with Section 5, and to explicitly include the effects of cosmic scatter in the distance indicators, the zero-point of the SBF method has been re-computed in exactly the same manner as that for the PNLF. That is, the SBF and Cepheid error bars for the six calibrating galaxies have been added in quadrature, and the resulting probability distributions used in a series of Monte Carlo simulations. This procedure produces an SBF distance scale that is 0.04 +0.04 −0.04 mag smaller than that used by Tonry et al. (2001) . Figure 7 histograms the difference between the SBF distance moduli (as calibrated directly via the six Cepheid galaxies) and the PNLF distance moduli as calibrated in Section 5. The curve displayed in the figure is the expected scatter in the data, as determined by adding (in quadrature) the uncertainties associated with the individual PNLF and SBF measurements, and a σ E(B−V ) = 0.16E(B − V ) uncertainty associated with Galactic reddening (Schlegel, Finkbeiner, & Davis 1998) . The latter component is especially important. As pointed out by Ciardullo, Jacoby, & Tonry (1993) , the strong color dependence of the absolute fluctuation magnitude (M I ∝ 4.5(V − I) 0 ; Tonry et al. 2001 ) means that an underestimate of foreground extinction translates into an underestimate of SBF distance. This is the exact opposite of how the PNLF (and most other methods) react to reddening: for the PNLF, an underestimate of extinction results in an overestimate of distance. Consequently, a very small error in extinction propagates into a significant discrepancy between the PNLF and SBF moduli, with σ ∆µ = 7 σ E(B−V ) .
The results of Table 10 and Figure 7 are noteworthy. Immediately obvious from the figure is the presence of three outliers. NGC 4565, NGC 891, and NGC 4278 have values of ∆µ that are 3σ from the mean of the distribution; this separation is too large to be explained by any random process. Interestingly, two of the points, NGC 4565 (∆µ = −0.80 mag) and NGC 891 (∆µ = +0.71 mag) are edge-on spirals, the only such systems in the sample. Since SBF measurements to late-type galaxies are difficult (due to the presence of dust and color gradients), while photometry of halo PNe is relatively easy, it is tempting to blame this discrepancy on the SBF values. However at this time, all we can say is that one (or both) methods have trouble measuring distances to these systems.
If the outlying galaxies are excluded, then the scatter in the measurements exactly follows that predicted from the internal errors of the methods. This agreement is striking, and strongly suggests that the quoted errors of the measurements are accurate. The agreement also leaves little room for additional sources of error; if there is some population-dependent term in the scatter, it must be small. This latter conclusion is confirmed in Figure 8 . If either method were significantly affected by population age or metallicity, then ∆µ would correlate with galactic absolute magnitude or color. As Figure 8 illustrates, it does not. Similarly, if the form of the PNLF (equation 2) were incorrect, ∆µ would correlate with absolute magnitude or PN population. This correlation does not exist, either. In fact, the only possible trend present in the figure occurs when the PNLF-SBF residuals are plotted against distance. If one only considers galaxies with (m − M ) SBF > 30.6, then there is a 95% chance that a correlation exists between ∆µ and distance modulus. Such a trend might be expected if the PN candidates found in these systems are contaminated by background emission-line galaxies or (in the case of galaxies in rich clusters) foreground intracluster stars. However, if the five most distant objects are deleted from the sample, the correlation with distance goes away. Thus, the overall impression left from the figure is that in terms of relative distances, the PNLF and SBF techniques are in excellent agreement.
Unfortunately, the same cannot be said for the methods' absolute distances. As Figure 7 demonstrates, there is a 0.30 mag offset between the SBF and PNLF distance scales, in the sense that SBF distances are systematically larger than their PNLF counterparts. This offset, which is reduced to 0.26 mag if the 5 most distant galaxies are excluded, is highly significant. Based on the 13 galaxies with Cepheid and PNLF measurements, the uncertainty in the PNLF zero point is ∼ 0.05 mag. Similarly, the uncertainty in the SBF zero point, as defined by the six Cepheid calibrators, is ∼ 0.04 mag. Finally, there is the uncertainty in the zero point of Galactic extinction. This continues to be a controversial topic (see Burstein & Heiles 1982 , for a review), and, indeed, the zero point of the Schlegel, Finkbeiner, & Davis (1998) extinction map is 0.02 mag smaller in E(B − V ) than that of the Burstein & Heiles (1982) map. However, the sense of this offset is that, if the Burstein & Heiles (1982) zero point were adopted, the discrepancy between the PNLF and SBF distance scales would be worse. In fact, if one wishes to avoid negative DIRBE/IRAS reddenings, then the extinction zero point cannot be lowered by more than E(B − V ) = 0.015 mag. This translates into a hard upper limit of 0.10 mag on the uncertainty in the mean value of ∆µ due to dust, and a total upper limit on the uncertainty of 0.12 mag. The observed offset between the PNLF and SBF distance scales is therefore statistically significant at more than the 2 σ level. Considering the fact that both the SBF and PNLF methods are calibrated in the same way via Cepheids, this is a remarkable result! 7. discussion Logically speaking, there are only three possible ways to explain the discrepancy between the PNLF and SBF distance scales:
The Cepheid distances of the SBF calibrators may be systematically different than those of the PNLF calibrators. This solution is extremely unlikely, as the two samples of galaxies are nearly identical. Specifically, four of the six SBF calibrators are also PNLF calibrators, the median metallicity of the PNLF calibrators is very nearly the same as that of the SBF calibrators (O/H ∼ 8.88 vs. O/H ∼ 8.80), and there is no significant difference in the Cepheid internal reddenings of the two samples. Consequently, it is difficult to blame the PNLF-SBF discrepancy on the Cepheids.
The PNLF measurements made in Cepheid galaxies may be systematically different from those made in SBF galaxies. PN identifications are best made in the spheroidal components of galaxies, where contamination from H II regions is minimal. However, in order to make direct comparisons with the Pop I distance indicators, PNLF observations must be performed in galactic disks. Thus, one can attempt to explain the PNLF-SBF discrepancy via the hypothesis that the PNLF cutoff is fainter in spiral disks than in bulges and halos. Such an idea is plausible since internal extinction could, in theory, dim disk planetary nebulae more than bulge objects.
We can test for such an effect by dividing the PNLF calibrators into two groups: those whose PN surveys included the galaxies' Pop I components (the LMC, the SMC, NGC 300, NGC 2403, NGC 3351, NGC 4258, NGC 5253, and M101), and those whose observations were confined primarily to the bulge and halo (M31, M81, NGC 3368, and NGC 3627). When we do this, we find that there is no significant difference between the two samples of galaxies: the zero point found in young populations is only ∼ 0.05 mag fainter than that observed for old systems. Moreover, planetary nebula surveys in the bulge, disk, and halo of M31 (Hui, Ford, & Jacoby 1994 ) and M81 (Magrini et al. 2001b ) have also failed to find change in the PNLF zero point with stellar population. It is therefore extremely unlikely that PNLF differences can explain the 0.3 mag offset.
The SBF measurements made in Cepheid galaxies may be systematically different than those made in PNLF galaxies. Of the 28 galaxies with both PNLF and SBF measurements, all but eight are elliptical or lenticular. Yet the SBF calibration is derived from the observation of six spiral bulges. Thus, the potential exists for a systematic error between the two data samples. Indeed, due to the extreme color sensitivity of the SBF method, a moderate amount of internal extinction (E(B − V ) ∼ 0.06) in the six calibrating galaxies will shift the SBF scale by more than 10% and bring it and bring it into close agreement with the scale defined by the PNLF.
Is there evidence for this amount of internal extinction? It is true that the direct measurements of extinction in the bulges of M31 (McClure & Racine 1969 ) and M81 (Peimbert & Torres-Peimbert 1981) are greater than the galaxies' DIRBE/IRAS reddening values (Schlegel, Finkbeiner, & Davis 1998) . However, in both cases the excess is less than what is needed, E(B − V ) ∼ 0.03. Similarly, if one breaks the sample of galaxies in two, one finds a slight difference between the PNLF-SBF distance offset for spiral bulges (−0.16 ± 0.24 mag) and for ellipticals (−0.34 ± 0.19 mag). Unfortunately, even if this result is significant, it still does not fully explain the 0.3 mag offset of Figure 7 .
Nevertheless, internal extinction is still the most likely cause of the scale discrepancy. If the bulges of the six Cepheid calibrators have as little as E(B − V ) ∼ 0.04 of internal extinction, then the zero point of the SBF system shifts by 0.14 mag and the SBF-based Hubble Constant of Ferrarese et al. (2000b) moves from H 0 = 69 to H 0 = 74 km s −1 Mpc −1 . [Note that this shift is almost as large as the formal ±6 km s −1 Mpc −1 systematic error assigned by Ferrarese et al. (2000b) and Freedman et al. (2001) .] Moreover, if the same extinction is applied to the PNLF measurements, then the PNLF scale is increased by a comparable amount, and the PNLF/SBF discrepancy disappears completely. This result underscores the need close study of the internal extinction of galaxies, and for more independent crosschecks at each rung of the distance ladder.
8. the pnlf-trgb comparison Note that our conclusion differs from that of Ferrarese et al. (2000b) , who attributed the PNLF/SBF scale discrepancy to a systematic error in the planetary nebula distances. The evidence Ferrarese et al. (2000b) cited in in support of this interpretation was 1) the similarity between the SBF distances to the ellipticals of Virgo and Fornax, and the Cepheid distances to the clusters' spirals, and 2) the agreement between the SBF distance scale, and the scale inferred from I-band measurements of stars at the the tip of the red giant branch (TRGB). The former argument is suspect, since both clusters are complex, and the elliptical galaxies are not co-mingled with the spirals (West & Blakeslee 2000; Drinkwater, Gregg, & Colless 2001) . The second comment, however, deserves some attention.
The TRGB method is well tested inside the Local Group: the data from nine nearby galaxies with both TRGB and Cepheid measurements demonstrate that the technique can produce results that are accurate to better than ∼ 0.2 mag (Ferrarese et al. 2000b ). However, no Cepheid galaxy more than 3 Mpc away has a TRGB measurement: at these distances, the only direct comparisons are with PNLF and SBF galaxies.
A galaxy-by-galaxy comparison of TRGB, SBF, and PNLF distances appears in Figure 9 . As the figure illustrates, the overlap between TRGB, PNLF, and SBF galaxies is scant. Only 7 PNLF galaxies have TRGB distances: the LMC (Sakai, Zaritsky, & Kennicutt 2000) , M31 (Durrell, Harris, & Pritchet 2001) , M33 (Kim et al. 2002) , NGC 5102 (Karachentsev et al. 2002) , NGC 5128 (Harris, Harris, & Poole 1999) , NGC 3379 , and NGC 3115 (Elson 1997) . Only five galaxies have both TRGB and SBF measurements (M31, NGC 5102, NGC 5128, NGC 3379, and NGC 3115). If one just considers the mean offsets between the measurements, then the data do indicate that the SBF and TRGB distance scales are in agreement, and that the PNLF scale is ∼ −0.2 mag too small. However, Figure 9 contains two other properties that should not be ignored.
The first concerns the size of the SBF-TRGB internal error bars relative to the observed scatter in the measurements. An important conclusion of §5 and 6 is that the scatter between the PNLF, SBF, and Cepheid distance measurements is consistent with that expected from the internal errors of the methods. This agreement strongly suggests that the quoted errors for all three methods are accurate. However, the same is not true for the SBF-TRGB comparison. As Figure 9 demonstrates, the observed SBF-TRGB distance residuals are significantly larger than the internal errors of the methods would predict. (The internal and external errors are incompatible at the ∼ 80% confidence level.) Since the SBF errors appear to be reasonable, the implication is that the TRGB measurements possess an additional source of uncertainty.
The second property displayed in Figure 9 is the trend exhibited in the PNLF-TRGB comparison. Inside the Local Group, there is excellent agreement between the PNLF and TRGB distance indicators; the mean difference between the two methods is −0.01 ± 0.06 mag. At larger distances, however, the techniques diverge, and ∆µ = −0.29 ± 0.05. Since the Cepheid and SBF comparisons demonstrate there is no problem with the relative PNLF distances (at least for objects within ∼ 10 Mpc), the existence of the discrepancy again suggests a problem with the TRGB data.
With the information currently available, we cannot prove that an error exists in the TRGB distance measurements. However, we can speculate on the types of errors which may be associated with the method. TRGB measurements require that the red giant branch be well-populated: if the RGB is underpopulated, then the apparent magnitude of the RGB tip will be overestimated, and the distance to the parent galaxy will be overestimated (Madore & Freedman 1995) . Even more important is the effect of metallicity. Even if the sample of RGB stars is large, the technique still will not work unless the stars at the RGB tip have [Fe/H] −0.7 (Lee, Freedman & Madore 1993; Bellazzini, Ferraro, & Pancino 2001) . If the red giants are more metal-rich than this, their absolute I-band luminosities will be fainter than assumed, due to the effects of line blanketing, and the result will again be an overestimate of distance. Thus, the systematic errors associated with the technique are asymmetric: if an error exists, then the distances produced by the TRGB technique will be upper limits.
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For nearby galaxies, the metallicity effect on the TRGB is not of great concern. Most Local Group galaxies are small and thus metal-poor; the only exceptions (M31 and M33) both have high quality data and measured RGB metallicity distributions. Consequently, the TRGB distances to these objects are well-determined, and in excellent agreement with the distances derived from Cepheid (Ferrarese et al. 2000b) , PNLF, and SBF measurements. Outside the Local Group, however, the data quality is generally poorer, and with one exception (NGC 5128), little or no information is available about the RGB metallicity distribution. Since most of these distant galaxies are more massive (and therefore more metalrich) than their Local Group counterparts, a systematic error in the TRGB distance scale is not inconceivable. Thus, the PNLF and TRGB measurement may, indeed, be consistent. Higher quality, multicolor TRGB measurements beyond the Local Group are needed to resolve the problem.
conclusion
We have presented PNLF distances to NGC 2403, NGC 3115, NGC 3351, NGC 3627, NGC 4258, and NGC 5866, and have used these data to compare the Cepheid, PNLF, and SBF distance scales. Our observations demonstrate that, in terms of relative distance measurements, the Cepheid, PNLF, and SBF methods are in excellent agreement, and the internal errors estimated for all the methods are correct. However, we also show that the PNLF and SBF distance scales are incompatible: the Cepheid-calibrated SBF scale is ∼ 0.3 mag longer than the Cepheid-calibrated PNLF scale. The likely cause of the discrepancy is internal extinction in the bulges of the SBF Cepheid calibrators. If this is true, then this error results in an underestimate of the SBF Hubble Constant. Finally, we use our PNLF distance to NGC 4258, in combination with the galaxy's geometric and Cepheid distances, to argue that the short distance to the Large Magellanic Cloud is correct, and that the Freedman et al. (2001) Hubble Constant should be increased by 8 ± 3%.
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c Expected metallicity shift in M * based on the models of Dopita, Jacoby, & Vassiliadis (1992) . -Values of M * derived for 13 galaxies using the Cepheid distances of Freedman et al. (2001) , plotted against galactic metallicity, as determined from the emission lines of H II regions. The error bars have been computed by combining the uncertainties associated with the PNLF fits, the Cepheid distances, and the Galactic foreground extinction. The dotted line shows the Dopita, Jacoby, & Vassiliadis (1992) theoretical dependence of M * on metallicity. Note the excellent agreement between the model and the observations on the low-metallicity side of the curve. The values of M * in high-metallicity galaxies are presumably determined by the galaxies' lower-metallicity stars. -Metallicity corrected values of M * derived for 13 galaxies using the Cepheid distances of Freedman et al. (2001) , plotted against galactic absolute magnitude, distance, inclination, and metallicity. The error bars have been computed using the uncertainties associated with the PNLF fits, the Cepheid distances, and the Galactic foreground extinction. The dotted lines indicate the 1σ upper and lower limits on the mean value of M * . There is no evidence for a correlation in any of the plots. -A histogram of the difference between the PNLF and SBF distance moduli for 28 galaxies measured by both methods. The two worst outliers are the edge-on galaxies NGC 4565 (∆µ = −0.80) and NGC 891 (∆µ = +0.71). NGC 4258 is also an outlier (∆µ = −0.70). The curve represents the expected dispersion of the data. The figure demonstrates that, except for the edge-on galaxies, there is excellent agreement between the internal and external errors of the methods. The difference between SBF and PNLF distance moduli plotted against galactic absolute magnitude, distance, color, and number of PNe in the statistical sample. The three discrepant galaxies, NGC 891, NGC 4565, and NGC 4278, have not been plotted. The correlation with SBF distance modulus is marginally significant (P ∼ 0.1) due to the low values of the five most distant objects; if these galaxies are removed from the sample, the significance of the correlation disappears. There is no significant correlation in any of the other panels. .-The upper panel shows the difference between the PNLF and TRGB distance moduli for galaxies measured with both techniques; the bottom panel is a similar diagram showing the SBF-TRGB distance residuals. From left to right, the galaxies displayed are the LMC, M31, M33, NGC 5102, NGC 5128, NGC 3379, and NGC 3115. The error bars represent the combined uncertainties of methods, plus the uncertainty associated with Galactic foreground extinction. Note the size of the SBF-TRGB error bars in relation to the observed scatter. This inconsistency, plus the correlation between the PNLF-TRGB distance residuals and distance, suggests that the TRGB measurements contain an additional error term.
